The purpose of this study is to explore and identify the challenges and Critical Success Factors (CSFs) of Knowledge Integration (KI) in terms of capturing, sharing and transferring knowledge within construction projects based on the Traditional Procurement System (TPS). On the basis of available studies on KI and TPS within the industry investigated, multiple case studies were developed to reach the aforementioned objective, involving two case studies to reflect the building sector within construction industry. Furthermore, an Interpretive Structural Modelling (ISM) approach was used to summarize and identify the relationships between the identified challenges. 'Culture of Organization, 'Contractual Boundaries' and 'Knowledge Management System' (policies and strategies of organization) are identified as the main challenges. Having an 'open environment' and 'clear liability of project members for sharing knowledge at different phases of project' are two of identified CSFs, which will assist project managers to enhance the KI process within construction projects undertaken through the TPS. 
INTRODUCTION
Knowledge is meaningful, reflection and abstraction of information that resides in people's minds and is influenced by cognitive frameworks, experiences, skills, perception and intuition. It is a meaning made by the mind that can create rules, comprises lessons learned, predicts outcomes, organizes principles, creates problem-solving methods and explains relationships. As knowledge is a critical resource, Knowledge Management (KM) is a fundamental and mandatory issue that brings success to organization. It is essential for organizations, specifically in knowledge-based industries like construction. They recognize that an effective use of their knowledge may enable them to be innovative and improve the project performance in terms of reliability, cost, and quality while reducing project costs. In other words, knowledge and KM can bring sustainable competitive advantage, which is critical for construction organizations.
KM is a wide concept that includes various processes among which the three main ones are: capturing, sharing and transferring. Using these three processes together can integrate knowledge within projectbased organizations, which tend to embark on rework thereby often repeating the same mistakes again. Researchers use different terminology for Knowledge Integration (KI). Carlilo (2004) indicates that
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Knowledge integration in construction project
One of the main factors that cause the unnecessary construction rework cost is the design mistakes that are mostly caused by lack of training, experience and knowledge (Love et al., 2011) . Researchers (Heylighen et al., 2007) indicate that the design team, specifically designers, are highly secretive, not keen to share their knowledge and use KI techniques (Panuwatwanich et al., 2012) . In other words, the social network between project members at design phase needs to be developed and improved in order to capture and share innovative knowledge, which is created through designing process in construction projects (Bashouri & Duncan, 2014 ).
The effective KI will enhance project members and organizations to respond rapidly to problems and facilitate processes, specifically in the designing phase. Each construction project is unique and has its own problems and, therefore, it is the responsibility of the members of the project team to use their previous experience and knowledge to resolve them. Moreover, each project will add new experience and knowledge to the project team. Salter and Gann (2003) suggest that the project knowledge held by project team plays a key role in solving problems. The competitive advantage of organization and successful completion of a project lie in the ability of effectively integrating knowledge (Hari et al., 2005) . Therefore, KI plays a significant role in improving performance of organizations in terms of quality, time, reliability and reducing costs, specifically in project-based industries like construction.
Knowledge integration in Traditional Procurement System
The KI procedure is critical to project performance (Nonaka & Takeuchi, 1995) , especially in a project-based industry like construction. Due to the temporary nature of construction projects, people who worked on these projects, both in the design and construction team, tend to disperse after the project ends. This means their experiences and the knowledge they have achieved through the project will be wasted and not be used in future projects, if it is not captured structurally (Kasvi et al., 2003) . The importance of KI has attracted discussions in both academia and industry. As knowledge is the most value-added input and output of projects, then the study of KI between teamwork within project and across projects will provide a meaningful insight for stakeholders and academics that enable them to further improve the performance and competitiveness of the industry. This issue is more apparent in projects undertaken through the Traditional Procurement System (TPS) as its nature is based on the separation of design and construction process. In other words, the TPS does not guarantee an integrated line of communication and reporting between consultants and contractors.
The main factor that distinguishes the TPS from other types of procurement methods like 'Design and Build', 'Develop and Construct', 'Package deal', and 'Turnkey' is the separation of organizations that are responsible for the implementation process of the main elements of the project like designing and construction. In this method, the design team works are based on pre-defined conditions, which are different from site conditions encountered by contractors at construction phase. The contractors involve long after the designing is finished, thus their knowledge of constructability, value engineering and so forth is slightly incorporated at the construction phase. This separation directly impacts the process of KI during project lifecycle.
According to CIOB report (2010), people involved in the designing team have less experience on construction practices. Furthermore, the report indicates that lack of communication, design team problems, and design faults are the most significant problems that arise within the TPS. As the period of the design and construction phases is lengthy, good communication needs to exist between all members of a project. Secondly, the TPS suffers from a lack of buildability during the design and construction phases. Designers are not motivated and well experienced enough to manage the construction work and the cost and time of a project effectively. There is no ethos of sharing knowledge between the design and construction phases in a TPS due to the liability concerns, misinterpretation of the information, risks, and unauthorized reuse of intellectual properties (Aziz et al., 2012; Love et al., 2013) . Additionally, the people involved in the construction phase are unable to contribute to the design of a project until it is too late. However, not only identifying the challenges of KI that exist within the TPS, but also the Critical Success Factors (CSFs) for tackling them will enhance the KI process and enable the project managers to improve the project performance, which benefits all parties involved in a project. Therefore, the aim of this research is to identify the challenges and CSFs of KI within a construction project undertaken through the TPS.
RESEARCH METHODOLOGY
The research aims to explore and identify the challenges and CSFs of KI in terms of capturing, sharing and transferring knowledge within construction projects based on the TPS. The first stage of this research included a thorough study of the relevant literature, which aimed to understand the concept of KI and its challenges in the TPS. The main part of the research, the second stage, involved conducting multiple case studies that included two case studies from the building sector within construction industry. According to CIOB (2010), the TPS is the most efficient and suitable method only for projects up to £5m, but it is primarily used in projects that overran in terms of costs and time. Therefore, the selected projects were complex, large and costed over £5m. The selected case studies differ in that one of them is a completed project and the other is an ongoing project at construction phase. As most of the problems and errors occurred in project lifecycle are related to designing phase, the cases were selected from same organization involved at designing phase in order to analyze and compare the process of KI. Overall, three organizations, including one designing and two construction, were involved in the case studies. The outcomes obtained from the case studies allow to draw some conclusions on the challenges and CSFs of KI adopted by designing organizations. 
FINDINGS
The unique characteristic of the TPS, also known as the separated method, is the separation of responsibility within the design phase and the construction phase in the procurement process of the project. Previous research (Masterman, 2002; Takhtravanchi & Pathirage, 2016) has only identified challenges of KM, in general, within a construction project undertaken through TPS (Table  2) . In this research, KI mainly focuses on three main processes of KM. Therefore, these challenges were further used in both structuring the interviews questions and analysis of findings from case studies with the aim of identifying KI challenges and their differences with KM challenges. 
No Challenges
Knowledge integration challenges
A cross-sectional analysis was conducted of the case studies to identify the current challenges of KI in TPS. The responses from the interviews were analyzed with the help of computer software. The process started using a qualitative content analysis of the interviews' transcripts with the aid of NVivo software, which generates codes according to the identified concepts within the transcripts. The findings establish that knowledge in the design phase is more problematic and harder to manage due to the complexity of the design phase. This knowledge refers mostly to personal, and the company's, experience. The analysis revealed 10 challenges, which are shown in Table 3 and further analyzed through using ISM approach in order to identify the relationship between them. 
No Variables
Interpretive Structural Modelling approach
The ISM-based approach can use practical experience and knowledge of experts based on various management techniques like brain storming, nominal group technique, etc. to decompose a complicated system into several elements and construct a multilevel structural model (Warfield, 1976) . In other words, it can be used to identify and summarize relationships among specific variables, which define an issue or a problem. The various steps involved in the ISM approach, which are as follows (Charan et al., 2008 ):
Step 1: Identify and select the relevant variables. In this research, the challenges of KI in TPS have been identified.
Step 2: Structural Self-Interaction Matrix (SSIM) is developed. This matrix is used to indicate pair wise relationship among variables of the system under consideration
Step 3: Determine the reachability matrix. The SSIM matrix is used to develop the reachability matrix. However, the transitivity of the contextual relationships is a basic assumption made in ISM. This means if variable A is related to variable B and variable B is related to variable C, then variable A is necessarily is related to variable C.
Step 4: Decompose the reachability matrix into different levels. The developed reachability matrix from step 3 is partitioned into different levels in order to create structural model, a directed graph (diagraph), and the transitive links are removed.
A. Structural Self-Interaction Matrix (SSIM)
The SSIM is a contextual relationship among the variables and is developed based on opinions of interviewees. For this purpose, the interviewees from case studies were consulted in identifying the nature of contextual relationship among the variables. In order to analyze the variables, a contextual relationship of 'leads to' and 'facilitates' type must be chosen. This means that one variable leads to another or one variable facilitates another variable. Therefore, contextual relationship between the identified variables is developed.
Bearing in mind the contextual relationship for each variable and the existence of a relationship between any two variables (i and j), the associated direction of the relationship is questioned in a pair wise manner. Four symbols are used to denote the direction of relationship among variables:
1. V is used when variable i will facilitates or in fluences variable j (the relation from variable i to variable j).
2.
A is used when variable i will be facilitated or influenced by variable j (the relation from variable j to variable i).
3. X is used when variable i and j will facilitate and influence each other (both direction relations).
O is used when variables i and j are unrelated (no relation between the variables).
The developed SSIM (see Table 4 ) represents the contextual relationships between identified KI challenges. Variable V1 V2 V3 V4 V5 V6 V7 V8 V9 V10
B. Reachability matrix
The next step in ISM approach is to transform the SSIM into a binary matrix, called the initial reachability matrix by substituting four symbols V, A, X and O to 1 or 0. The rules for this substitution are as follows:
1. If the (i, j) entry in the SSIM is V, then the (i, j) entry in the reachability matrix becomes 1 and the (j, i) entry becomes 0. Following these rules, the initial reachability matrix is illustrated in Table 5 . Variable V1 V2 V3 V4 V5 V6 V7 V8 V9 V10
The final reachability matrix is developed by considering the concept of transitivity, which was described in step 3 of SSIM approach. The 1* entries indicate the incorporate transitivity. The final reachability matrix along with the dependence and driving power is shown in Table 6 . Variable V1 V2 V3 V4 V5 V6 V7 V8 V9 V10
C. Level partitions
According to Warfield (1976) , the reachability and antecedent set are derived from final reachability matrix. The reachability set for each variable consists of the variable itself and the other variables that it may impact, whereas the antecedent set for each variable consists of the variable itself and the other variables that may impact it. Following that, the intersection of these sets is obtained for all variables. Subsequently, the variables for which the reachability and intersection sets are the same occupy the top level in the ISM hierarchy. The top-level variables are those that will not lead the other variables above their own level. After identifying the top-level variable, it is removed from the other remaining variables. Then the same process is continued until levels of all variables are identified. These levels help in building the diagram and the final model of ISM. The reachability set, antecedent set, intersection and the participation level of variables are shown in Table 7 , where all variables are distributed in five levels. Variable 4 (lack of information and knowledge integration) is found to be at level I. Therefore, variable 4 should be positioned at the top of the ISM model. Variable 9 and 10 (contractual boundaries and culture of organization) are found to be in the last level, V, which should be positioned at the bottom of the ISM model. Positioning at the bottom level of ISM model means that these variables are the main root of all variables positioned above them.
D. Formation of ISM-based model
It can be seen in Figure 1 that the 'Culture of organization' along with 'Contractual boundaries' are significant challenge when integrating knowledge in the TPS, as they come at the bottom of ISM hierarchy. The ISM model highlights the major challenges of KI and provides a mean for analyzing the interaction between these challenges. These challenges need to be tackled in order to ensure the success of KI in the TPS.
Critical success factors for knowledge integration
This section presents the data analysis in relation to the CSFs of KI in the traditional construction projects that were highlighted by interviewees in case studies. Figure 2 shows the themes that emerged from the analysis of the semi-structured interviews on the CSFs. The main themes are 'Culture of organization', 'Contractual boundaries', and 'KM system (policies and strategies), which are further discussed.
Culture of organization
The organizational culture is one of the important factors that affect the process of integrating tacit knowledge within TPS where different organizations with different culture involved in the project. 
We have friendly environment. Internally, within the department our team members easily approach each other. We are working together as a one team. I think this is because we trust each other. The project managers creates this environment and gave us this feeling … within each team, I know exactly who I'm going to share my knowledge with and they are willing to share their knowledge with me.
Participants believed that project members should dedicate enough time to do lessons learned and that it should be done as soon as each task is completed. The lessons learned could be achieved through the meetings with contractors and consultants and between contractors. Engineer CS1 and architect CS2 stated:
I think it is very important to always ensure as soon as you finish the project to actually identify what works well and what doesn't. We always had problem in arranging meetings with contractors and consultants to document the problems and how they were solved after each phase of project, because contractors and consultants are recruited to another project whilst one is finished … I think the first is the reflection; we need to dedicate enough time to reflect and identify what went wrong.
Contractual boundaries
Project managers (CS1 and CS2) and site manager CS1 argued that in the TPS, contractual boundaries play a significant role in sharing knowledge between project phases, because it is the provisions of the contract that dictates the amount of knowledge and the liability of project member for sharing knowledge with other contractors. 
It was clearly mentioned in our contract
KM system (policies and strategies)
The importance of KM lies in the fact that knowledge if managed properly is a valuable, competitive asset for organizations. It is more significant in construction projects undertaken through the TPS due to the fragmentation nature of this system, where the design team is separated from construction team. Therefore, it is important for organizations to adopt appropriate policies and strategies for managing knowledge in this type of project. The KM system includes how to integrate knowledge in terms of capturing, sharing, and transferring.
Participants (architect CS1 and project manager CS2) believed that effective the KM system in organization should initially improve the awareness of project members of the importance of KI in all its categories: capturing, sharing, and transferring. The mentioned CSFs are further discussed based on the classification of challenges after implementing the ISM approach.
I think everybody knows the value of knowledge and their experience, but the idea of integrating knowledge needs a bit more exploration, specifically in this type of procurement. The issue is in sharing and transferring part, in our organization
DISCUSSION
Carrillo et al. (2000) stated that one of the main challenges that confront KM in construction industry is 'tacit dimension of project knowledge'. Regarding this, Aziz et al. (2014) said that this issue is more common in integrating tacit knowledge in construction projects undertaken through the TPS due to the nature of this system which is based on fragmentation rather than integration. In other words, knowledge is not properly integrated in this system in terms of capturing, sharing, and transferring, because the design and construction team are separated and project members are recruited in another project ahead of the completion of the current project.
The aim of conducting a case study as part of the research strategy was to explore KI within the traditional construction project in order to identify existing challenges and CSFs that organizations have for integrating tacit knowledge. In this regard, two cases were selected with having the same designing organization, one completed and one ongoing. The purpose was to analyze, compare and evaluate the process of KI within projects that have been designed by the same organization. The findings revealed that the KI was not structurally and completely implemented by the designing organization. The synthesis of case studies identifies a set of challenges that exist in the TPS (Table 3) .
Comparing these findings with findings from literature (Table 2 ) reveals that most of them are similar and one of them is new. The 'Contractual boundaries' is identified as a new variable that affects the KI in the TPS. Figure 1 reveals that 'Culture of organizations' is positioned at the bottom level of ISM hierarchy along with the new variable 'Contractual boundaries'. The impact of these variables on the other variables is through 'KM system (policies and strategies)'. This means that these variables are the root of other variables that finally lead to lack of information and KI, which is positioned at the top level of ISM hierarchy. Project managers should consider these challenges and investigate them in order to effectively integrate knowledge. The rest of variables are mainly affected by these challenges.
Kamara et al. (2002) stated that transferring
knowledge between different organizations involved in a project highly depends on the type of contract and contractual clauses. The 'Contractual boundaries' plays a significant role in bidirectional flow of knowledge between the design and the construction phase of a project, because it is the contract that dictates the way of communication of project members at different phases. Additionally, positioning this challenge below of 'KM systems' means the KM policies and strategies that are adopted by organizations for sharing knowledge between project phases in the TPS depends on the provisions of the contract.
In order to tackle this challenge, it is suggested to thoroughly consider and improve the communication and collaboration of the design and construction team in the provisions of their contract. This requires clarification of the liability of project members on sharing knowledge at different phases of project. Additionally, the awareness of the client and his consultants should be improved on the importance of KI and the benefits of importing contractors before completing the designing phase in the project (two-stage tendering traditional procurement). According to Masterman (2002) , the involvement of contractors ahead of completion of the designing phase means more collaboration and sharing of knowledge with the designing team on best practices and lessons learned, which will lead to saving time, cost, and minimizing the designing and buildability issues. In other words, this would improve the project performance and decrease the possibility of reinventing the wheel. The key to this challenge is having an open environment (supporting culture), which improves the awareness of the project manager in the importance of KI. In this regard, Kwawu et al. (2010) stated that the organizational culture should be supportive in terms of improving awareness and willingness to participate in the KI process. This will lead to adopting an effective KM system that uses the appropriate tools and techniques to build trust, increase awareness of project members on the importance of KI and encourage them to participate in KI process, specifically in capturing and using lessons learned.
The 'KM system (policies and strategies)' along with variables 9 and 10 are at the bottom levels of the ISM model and are considered to be the main challenges in the TPS. Participants stated that motivation and collaboration between different project phases was not efficient enough and only based on their contract's clauses. This means that 'Contractual boundaries' play a significant role in adopting an effective KM system for collaboration and sharing knowledge between the design and construction phase in the TPS. Additionally, participants explained that even though their organization identified the lessons learned after each project, but they still had difficulty in finding the relevant knowledge. Fong and Chu (2006) stated that this difficulty is caused by lack of proactive management strategies in organization. This means the KM strategy and policies that are adopted by organizations were not effective for capturing and retrieving tacit knowledge in the traditional construction project. This requires proper guidelines and techniques for capturing knowledge that should be considered by project manager when determining the KM policies and strategies of projects.
It is clearly stated by participants that they only captured and shared their experiences and were not aware of the importance of transferring their experiences to another project in this type of procurement system. This means there were no guidelines provided by their organization to integrate tacit knowledge, and the adopted KM system by organizations did not improve the awareness of the importance of transferring knowledge between projects. Furthermore, recruiting experts is an effective strategy for keeping the knowledge inside organizations. Some participants stated that their organizations had this strategy and recruited experts who left the organization before and then returned for the current project. Other participants stated that their organization did not adopt effective a KM system and easily let experts leave their organization. This means that their organization was not aware of the importance of keeping their experts' knowledge, which is a competitive asset for an organization. Therefore, the CSFs for tackling this challenge is for the project managers to adopt an effective KM system (policies and strategies) that covers: 6. using synchronized software by designing sub-contractors at designing phase in order to reduce designing clashes and save time and cost;
7. adopting two-stage tendering TPS.
The relationships of three main challenges of KI and the CSFs for each of them are illustrated in Figure 3 . Table 2 , V1) to 'Lack of awareness of the importance of tacit knowledge integration' (Table 3 , V1) because findings revealed that most of the people and organizations involved in the construction projects are aware of the importance to their experiences and skills, but they are not aware of its importance of the process of KI in terms of transferring knowledge to the next project. 
CONCLUSION
The aim of this study was to explore and identify the challenges and CSFs of KI in terms of capturing, sharing and transferring knowledge within construction projects based on the TPS. The study investigated this issue by analyzing relevant literature on the concept of KI and its challenges in the TPS, following by comparing this analysis with the findings from case studies in order to have a better understanding of this research phenomenon. Comparing the findings indicated that there were three main challenges that hinder KI process within the TPS in terms of capturing and sharing knowledge within a project and transfer it to the next project. These challenges were 'Organizational culture', 'Contractual boundaries', and 'KM system (policies and strategies)'. In order to tackle the first challenge, 'having an open environment' was identified as a CSF, which means providing a trusted working environment where project members dedicate enough time to share their knowledge with each other. As knowledge is an asset of organizations, the amount and liability of sharing knowledge is important for organizations. It is more significant in projects undertaken through the TPS due to the separation of the designing and construction team. This means the communication and collaboration of these team are based on the provisions of their organizations' contract. Therefore, clarifying the liability of project members on sharing knowledge at different phase of project was identified as a CSF for tackling the 'Contractual boundaries'. Poor management of knowledge within the project life cycle leads to considerable amount of knowledge loss. This is more common in the traditional construction projects due to the fragmentation nature of TPS which means different organizations that involved during the project life cycle run and maintain their own KM systems and disperse after completion of the project. Therefore, their knowledge would not be available and accessible when it is needed in other projects or at other phases. CSFs were identified to tackle the challenge of 'KM system (policies and strategies)' which are adopting proper tools for KI, improving awareness on the importance of KI, building trust, incentivize project members for participation in KI, having clear definition of objectives, designing sub-contractors use software that can be synchronized, adopting two-stage process in traditional procurement. This research extends the previous research on KM and would enable project managers and stakeholders to be aware of the key challenges and CSFs of KI within the TPS, enhance the project performance, and decrease the possibility of reinventing the wheel.
